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Topology Feeds Back on Its
RegulationMany cell functions rely on microtubule dynamics and ordering. Two recent
studies show that microtubule severing by katanin plays an overbearing role
in this process and is primarily regulated at microtubule crossovers.Olivier Hamant
By showing how microtubule
crossovers are at a central position
in the control of cytoskeleton ordering,
and by providing a regulatory
mechanism underlying this control,
the work by Zhang et al. [1] in this issue
and Wightman et al. [2] published
recently in Current Biology illustrates
how plant research provides important
new findings that are relevant to
cell biology in all kingdoms, with
implications in development and
biomedical research, too.
Understanding the regulation of
microtubule dynamics is crucial to
many biological processes. This is
probably most obvious in plants — in
this kingdom, growth is driven by
turgor pressure, and the mechanical
properties of the cell wall constrain
its rate and direction. Because
microtubules control the deposition of
cellulose [3], and thus the mechanical
anisotropy of cell walls, any defect
in microtubule behavior is translated
into an abnormal macroscopic cell
and tissue shape [4]. Most remarkably,
when microtubules are depolymerized,
aerial plant organs become spherical
and cells resemble soap bubbles [5].
Mutants with disorganized
microtubules also exhibit isotropic
growth, and among the known
regulators, the microtubule severing
protein katanin has emerged asone of the main controlling factors.
In fact, one of the katanin alleles
in Arabidopsis is called botero,
referencing the artist’s work reflecting
the rather obese and thus isotropic
geometry of the corresponding mutant
phenotype [6].
Katanin was originally purified in
extracts from sea urchin eggs. Since
then, this AAA ATPase has been found
in all eukaryotes and acts as an
heterodimer, with the 60 kDa katanin
subunit displaying the catalytic activity,
and the 80 kDa WD40-repeat
counterpart displaying a regulatory
role [7]. Importantly, while the function
of katanin was initially associated with
centrosomal microtubules, there
is now evidence that this role is also
relevant to non-centrosomal
microtubules. This is not only
illustrated by the work conducted in
plants — katanin is also involved in the
control of axonal growth [8] and cell
migration [9]. Katanin has also been
proposed to increase the number of
short microtubule fragments near
meiotic chromatin to compensate for
their rather inefficient nucleation in this
context [10]. Therefore, the work that
is highlighted here [1,2] consolidates
some ideas and provides a number of
predictions that may change the way
we understand microtubule ordering
in all eukaryotes.
Briefly, Zhang et al. [1] show that
katanin activity is triggered throughone dominant mechanism: cutting
microtubules where they cross each
other. Microtubule severing had
previously been shown to occur
preferentially at microtubule
crossovers in a seminal article [11].
The work by Zhang et al. thus narrows
down the molecular mechanism to
only one predominant factor— katanin.
In particular, they show that this
enzyme localizes to microtubule
crossovers and that in a katanin
mutant, severing at crossovers is
completely absent (Figure 1).
Interestingly, a quantitative analysis of
the corresponding kinetics highlights
that longer-lived crossovers are more
prone to severing than early ones,
demonstrating that microtubule
crossovers act both as a spatial
and temporal regulator of severing [1].
This provides a feedback loop in
which microtubule severing by katanin
promotes the organization of the
microtubule network, which in turn,
through the amount, position and
age of crossovers, regulates katanin
activity.
Because of their prevailing role in
controlling microtubule organization,
crossovers in the microtubule network
emerge as a central regulatory point
in plant cell biology. The work by
Wightman, et al. [2] illustrates this idea
by providing a new regulatory module
that relies on microtubule crossovers.
The authors notably show that the
presence of highly aligned microtubule
bundles in the spiral2 mutant is
due to the inhibition of severing by
SPR2, a previously identified
microtubule-associated protein (MAP).
More strikingly, they found that
SPR2 accumulates at microtubule
crossovers, where it prevents severing
locally (Figure 1). Interestingly, this
activity is also modulated in different












Figure 1. Katanin is recruited and regulated at microtubule crossover to sever microtubules.
Left panel: microtubule pattern in pavement cells from Arabidopsis cotyledons (image size:
60 x 60 mm). Right panel: the role of SPR2 in regulating severing activity at crossovers is
illustrated, together with other putative contributors.
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correlated to unstable SPR2 spatial
localization, while relatively low
severing levels in pavement cells
is correlated to stabilized SPR2
localization at crossovers [2]. As the
amount of protein is roughly similar
in both cell types, this illustrates the
role of the spatial dynamics of MAPs
in controlling the microtubule network
topology.
One may predict that many other
MAPs may mediate their action
specifically through modulation of
severing by katanin at crossovers.
The analysis of severing in other
mutants should be conducted to
explore this hypothesis further.
Conversely, the known regulators of
katanin activity could be analyzed
in this new light. For instance, the
Rho effector RIC1 has recently
been shown to promote severing
by directly binding to katanin [12].
This effect could be re-examined to
investigate, for instance, whether
the presence of crossovers modulates
binding affinity. Phosphorylation
of katanin has been shown to
decrease its severing activity,
and this regulation has been shown
to control spindle length in different
species [13,14]. Again, the link
between phosphorylation and the
presence of crossovers could
be analyzed. Finally, crosstalks
between katanin and the microtubule
nucleating complex have beenidentified in the past [15], and
the identification of the biochemical
function of SPR2 may provide some
novel insights into the regulation of
nucleation.
The work by Zhang et al. [1] and
Wightman et al. [2] provide an
unprecedented focus on a central
regulatory role of the microtubule
network topology but the exact
mechanism behind microtubule
crossover recognition is still unknown.
In the spirit of these rather
parsimonious feedback loops, one
may argue that the intrinsic features
of the cytoskeleton are involved.
There is indeed accumulating evidence
suggesting that the microtubule
network topology emerges from its
own properties. In the next paragraph,
I rapidly review these features and
explore whether they could be
associated with crossover recognition.
Like all biological objects,
microtubules are never perfectly
built — they contain defects in their
lattice (e.g. 14 subunits instead of
13 at the microtubule perimeter).
Interestingly, these errors have been
shown to act as spatial signals
promoting severing both theoretically
[16] and experimentally [17]. In the
light of the two recent publications
presented above, one could wonder
whether microtubule crossovers
promote such errors, and whether
SPR2 is somewhat sensitive to these
errors. In that scenario, the proposedsurveillance role of katanin could be
extended to amore generalmechanism
for the control of microtubule
ordering. Post-translational
modifications have also been shown
to modulate severing activity in
animal systems. In particular,
microtubule acetylation promotes
severing by katanin [18]. Surprisingly,
the contribution of post-translational
modification of microtubules remains
poorly studied in plants, and thus
its relation to severing or crossover
recognition is unknown. Finally,
the intrinsic mechanical properties
of the cytoskeleton are also regulated.
For instance, using an elegant in vitro
approach, it has been shown
recently that microtubule bending
(i.e. flexural rigidity) depends on the
recruitment of MAP65 in plants [19].
Interestingly, microtubule bending has
been proposed to promote breaking,
too [20]. Crossover recognition may
thus also depend on the mechanics
of microtubules.
Altogether, microtubules, which are
classically seen as dynamic threads
under the regulation of external
factors, now become the regulators
themselves— they use their chemistry,
geometry and mechanics to control
the recruitment of MAPs and other
microtubule regulators. The work by
Zhang et al. [1] and Wightman et al. [2]
deserve the spotlight because they
provide a simple katanin-based
mechanism in which microtubule
encounter acts as a central regulatory
process of microtubule ordering.
This will surely stimulate further
work to better understand the role
of the microtubule network topology
in its own regulation in the future, and in
other systems.References
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Action — The Drosophila Embryo
Goes Live!Live imaging of developmental gene expression in Drosophila embryos opens
up exciting new prospects for understanding gene regulation during
development.Jacques Bothma and Michael Levine*
For the past 30 years, the early
Drosophila melanogaster embryo has
been used as a model to visualize
differential gene activity in
development [1]. It is ideally suited for
such studies due to its rapid
development, ease of collection, and
the simple arrangement of nuclei in the
syncitial blastoderm stage. During the
maternal–zygotic transition, which
marks the onset of transcription from
the embryo’s genome, there are two
synchronous mitotic divisions,
followed by an extended interphase
period when the embryo is composed
ofw6,000 nuclei arranged as a
monolayer at the cortex of the syncitial
blastoderm. These nuclei display fast
and furious expression of key
patterning genes during a period of less
than one hour, resulting in localized
stripes and bands of gene expression
that establish the basic blueprint of the
adult fly. The visualization of gene
expression in this system has providednumerous insights into the spatial
control of gene expression, such as the
modular organization of enhancer
DNAs, the importance of localized
repressors in delineating restricted
patterns of gene expression, and the
regulation of enhancer–promoter
interactions [1,2]. Recently developed
quantitative methods allow exact
measurements of the numbers of
mRNAs and proteins encoded by
critical patterning genes such as
Bicoid, and highlight the remarkable
precision in the regulation of gene
expression during the
maternal–zygotic transition, when
broad maternal gradients give way to
sharp on/off patterns of gene
expression [3]. Despite the extensive
information on the spatial control of
gene expression, we know little about
temporal dynamics. Time is a more
abstract concept than space andmuch
trickier to control experimentally. Most
of our insights into gene regulation
stem from the use of fixed
preparations, whereby snapshots ofmany dead embryos are pieced
together to get a sense of temporal
dynamics. With the publication of
two studies in this issue of Current
Biology, by Garcia et al. [4] and
Lucas et al. [5], this static view has
given way to real-time dynamics of
gene activation in living embryos.
With the advent of new technologies
comes the opportunity for new
discoveries, and the dividends
provided by live imaging are immediate
and exciting.
Both papers investigate one of the
classical paradigms of gene regulation
in development: the activation of the
gap gene Hunchback by the gradient
of the Bicoid protein [6,7]. This
gradient is distributed across the
anterior–posterior axis of the embryo,
with the highest levels present at the
anterior pole. Both high and
intermediate levels are sufficient to
activate Hunchback expression in the
anterior half of the embryo,
corresponding to the future head and
anterior thorax of the embryo. Low
levels of Bicoid appear to be
insufficient to activate Hunchback
expression in the posterior thorax and
abdomen. The formation of the sharp
Hunchback border within the
presumptive thorax has been the
subject of extensive experimental and
theoretical studies [8].
Both studies [4,5] examined the
dynamic activation of gene expression
by the proximal Hunchback enhancer
